1. Introduction {#sec1}
===============

Tea is considered as one of 3 major beverages in the world, along with coffee and cocoa. According to historical records, Chinese have been cultivating and using tea trees for more than 3,000 years. Tea is widely accepted as a daily drink in China as well as in many countries. Since ancient times, tea has been used as a health product or medicine to prevent and treat various diseases. Previous studies have shown the numerous benefits of tea, such as antioxidant, bacteriostatic, and anti-cancer activities and regulation of lipid metabolism.

In general, tea can be divided into 3 types on the basis of the level of fermentation: green tea, oolong tea, and black tea ([@bib11]). Polyphenol oxidase contained in the tea is a heat-labile enzyme. The activity of this enzyme is reduced by steam heating during the fermentation, and hence green tea contains more polyphenol compounds ([@bib4]). This also explains why green tea has better antioxidant properties than black tea. Many clinical diseases have been shown to be associated with oxidative damage. Tea polyphenols are an effective antioxidant that can prevent and treat the diseases by scavenging free radicals and regulating the activity of different types of oxidases in the body. This is due to the phenolic hydroxyl structure in which the electrons have a conjugation effect; the hydrogen ion\'s binding ability is weakened and, therefore, more likely to be dissociated, so the active hydrogen ion neutralizes the free radicals and other reactive oxygen species, scavenging the free radicals ([@bib106]).

Research has also identified the molecular signaling pathways associated with the antioxidant properties of tea polyphenols; however, many studies have not fully demonstrated the exact mechanism of tea polyphenol bioactivity. In practice, tea polyphenols are becoming popular in livestock and poultry production. However, there have been challenges, e.g., lower bioavailability than vitamin antioxidants, higher prices than alternatives, and decreased palatability of the feed due to the tannins from the polyphenols. The purpose of this paper is to review the physicochemical properties and antioxidant capacity in tea polyphenols research, paying particular attention to the impact on signal transduction pathways.

2. Definition and classification of tea polyphenols {#sec2}
===================================================

The polyphenolic compounds contained in green tea mainly include flavonoids, flavanols, phenolic acids, and the like. Tea polyphenols, commonly known as catechins, are flavonoid compounds with a basic structure of α-phenyl-benzopyran, which is about 18% to 36% of the dry weight of tea leaves ([@bib40]). The most important types of tea polyphenols can be divided into the following 4 types: (−)-epigallocatechin-3-gallate (EGCG), (−)-epicatechin-3-gallate (ECG), (−)- epigallocatechin (EGC) and (−)-epicatechin (EC) ([@bib92]). The catechins are composed of 3 hydrocarbon rings and are structurally classified into ester catechins (EGCG, ECG) and non-ester catechins (EGC, EC). The structure of several major tea polyphenols is shown in [Fig. 1](#fig1){ref-type="fig"}. The EGCGmakes up about 59% of total catechins, while EGC accounts for about 19%, ECG accounts for 13.6% and EC accounts for about 6.4% ([@bib14]). Sorted by their oxidation resistance: EGCG ≈ ECG \> EGC \> Gallic acid (GA) \> EC = Catechin ([@bib71], [@bib72]). The number and position of hydroxyl groups in the molecular structure of these polyphenolic compounds largely determine their antioxidant properties. As such, the catechins have strong hydrogen supply capacity on the B and C rings, and the 2,3- double bond and the unsaturated 4-oxo group in the C-ring promote the electron delocalization (free electron) of the ortho-dihydroxy catechol in the B-ring ([@bib74]). Furthermore, the antioxidant activity of these polyphenols is related to the molecular structure, starting conditions, and microenvironment of the reaction medium ([@bib104], [@bib16]). In addition to tea polyphenols, there are various phenol derivatives and polyphenol analogs in tea, such as quercetin, kaempferol, myricetin. Since these substances all have a 4-oxo 3-hydroxy C ring structure, they exhibit oxidation resistance ([@bib91]).Fig. 1Structures of the major tea polyphenols.Fig. 1

At the cellular level, EGCG appears to be the most biologically active substance in polyphenols ([@bib49]). Under normal temperature conditions, industrially produced tea polyphenols exhibit different colors due to the different carriers, usually yellow or light green powder. Tea polyphenols are sensitive to pH, and the properties are stable under low pH conditions; however, strong acid, strong alkali, strong light irradiation and high temperatures easily cause deterioration. EGCG is water-soluble but insoluble in organic solvents and partially soluble in grease ([@bib99]).

3. Antioxidant and anti-oxidative stress activity of tea polyphenols {#sec3}
====================================================================

Free radicals are highly active molecules produced during cellular respiration and normal metabolism, and reactive oxygen species (ROS) are closely related to physiological and pathological processes in animals. The species mainly include superoxide anion free radicals (O~2~^−^), hydroxyl free radicals (OH^−^), hydrogen peroxide (H~2~O~2~), and others ([@bib7], [@bib41]). At low levels, ROS can function as signaling molecules that regulate cellular basic activities, such as cell growth and cellular adaptive responses ([@bib29]). When the balance between the accumulation of ROS and the body\'s antioxidant process is broken, it causes oxidative stress and damage to cells and tissues, causing vari ous diseases ([@bib51]). There is clear evidence that free radicals are associated with the development of diseases, such as atherosclerosis, emphysema, and cancer ([@bib28]). [Table 1](#tbl1){ref-type="table"} summarizes the antioxidant effects of tea polyphenols and their associated potential mechanisms.Table 1The antioxidant effects of tea polyphenols and their associated potential mechanisms.Table 1Experiment materialCompoundObserved effectsReferenceElectromagnetic radiation-exposed ratsEGCG↑CAT; ↑SOD; ↑GSH-Px; ↓MDA[@bib2]Spontaneously hypertensive ratsTea polyphenols↑CAT; ↓Blood pressure[@bib61]Hepatotoxicity of azathioprine-induced ratsTea polyphenols↑CAT; ↑GSH-Px; ↑Restoring serum total protein, TNF-α and caspase-3 levels in the liver[@bib21]*Salmonella typhimurium* infection C57BL/6 male miceTea polyphenols↑CAT; ↑SOD; ↓Oxidative stress occurring in the process of ileal injury induced by*Salmonella typhimurium*\
[@bib100]Primary hepatocytes of goatTea polyphenols↑Cell proliferation;\
↑Cell membrane integrity; ↑Antioxidase[@bib103]Human colon cancer cell line\
(Colo-205)Tea polyphenols↓Lipid peroxidation[@bib36]6-hydroxydopamine-induced apoptosis in PC12 cellsECG↑MAPK; ↑ARE gene expression[@bib63]Human colon cancer cell HCT-116 and SW-480EGCG, ECG, EGC, EC↓Cell proliferation; ↓Oxidative stress[@bib19]Nonalcoholic steatohepatitis ratsTea polyphenols + taurine↑Liver antioxidant activity; ↓ROS; ↓LPS[@bib105]pBR322 plasmid DNATea polyphenols + troloxInhibition of DNA oxidative damage[@bib89][^1]

*In vivo* experiments have shown that tea polyphenols can increase levels of rat serum catalase (CAT), glutathione peroxidase (GSH-Px), and superoxide dismutase (SOD), and can reduce the production of malondialdehyde (MDA). These findings reveal that tea polyphenols regulate the oxidoreductase system, improve the body\'s anti-oxidation ability ([@bib2], [@bib61]), and prevents oxidative stress caused by bacterial infections and intestinal damage ([@bib100]). In addition, tea polyphenols can restore the levels of serum total protein, tumor necrosis factor-α (TNF-α), and caspase-3 in the liver of rats with hepatotoxicity induced by azathioprine ([@bib21]). This indicates that tea polyphenols protect against liver injury in rats through antioxidant, anti-inflammatory, and antiapoptotic mechanisms. The content of ECG, EGC and EC in tea is relatively low, and there have been few reports on the use as a feed additive in animals.

*In vitro* experiments have shown that EGCG exhibits cancer-preventing activity by inhibiting the accumulation of ROS in the body, and EGCG can accelerate programmed cell death by blocking DNA synthesis in cancer cells without harming normal cells ([@bib13]). Stimulation of the primary hepatocytes of goats with EGCG was shown to promote cell proliferation, improve cell membrane integrity, and facilitate cell survival and function under oxidative stress ([@bib103]). EGCG, ECG, EGC, EC all have the function of inhibiting the proliferation of human colon cancer cells HCT-116 and SW-480, but the effect of egcg is the best, which is mainly related to its content ([@bib19]). In the cell signaling pathway, EGCG regulates apoptosis induced by oxidative stress via the protein kinase B (Akt) and c-Jun N-terminal kinase (JNK) signaling pathways. ECG up-regulates mitogen-activated protein kinase (MAPK), antioxidant response element (ARE) gene expression, thereby enhancing the ability of the cell\'s antioxidant defense system ([@bib63]). Furthermore, the key cellular pathways for the body\'s antioxidants are nuclear factor erythroid 2-related factor 2 (Nrf2), nuclear factor-kappa B (NF-κB), and so on ([@bib36]).

In addition, a therapeutic effect has been shown with the combination of tea polyphenols and other drugs. Tea polyphenol with taurine can reduce the level of lipopolysaccharides in rats and can protect the liver, providing a new method for treating nonalcoholic steatohepatitis ([@bib105]). Likewise, tea polyphenol with Trolox can inhibit gene mutations, base detachment, and DNA strand breaks that are caused by excessive oxygen free radicals; these synergistic effects have an activity sequence of EC = ECG \> EGCG \> EGC ([@bib89]).

4. Antioxidant mechanisms of green tea polyphenols {#sec4}
==================================================

A growing number of epidemiological studies have shown that the intake of polyphenols delays aging and helps prevent and treat cancer and neurodegenerative, cardiovascular, and cerebrovascular diseases ([@bib44]). After entering the animal body, the mechanism by which tea polyphenols produce antioxidant effects includes the following processes: the increase in activity of antioxidant enzymes, the inhibition of lipid peroxidation, the scavenging of free radicals in synergy with other nutrients ([@bib59]), and the reduction of oxidation via chelation of metal ions ([@bib96]). These processes are combined to reflect the effect of antioxidants. The antioxidant mechanism of phenolic compounds can be summarized as a transfer based on hydrogen atoms or a single electron transfer through protons ([@bib73]); however, catechins and theaflavins may also promote the production of ROS in the body ([@bib46]).

4.1. Direct action on free radicals {#sec4.1}
-----------------------------------

ROS is involved in a variety of physiological and pathological processes, mainly in cell signaling conduction, proliferation, differentiation, and apoptosis. Significant accumulation of ROS causes inflammation and neurodegenerative diseases ([@bib10]). Tea polyphenols react with ROS to form relatively stable phenolic oxygen radicals, thus eliminating free radicals. The π-electron on the benzene ring in the tea polyphenol structure has a conjugation effect on the single electron on the oxygen atom of the phenolic hydroxyl group. The single electron tends to the benzene ring, thereby reducing the activity of the hydrogen-oxygen bond in the phenolic hydroxyl group. The hydrogen activity on the phenolic hydroxyl group increases and the free radicals compete for active oxygen, terminating the auto-oxidation reaction of the free radicals. The metabolites of tea polyphenols also have a certain degree of antioxidant capacity ([@bib3], [@bib85]); however, due to the structural differences in catechins, there is a difference in the elimination of free radicals. In general, the ability of tea polyphenols to scavenge ROS depends on the number of hydroxyl groups in the structure, the environment, and the stability of the phenolic oxygen radicals ([@bib101]).

4.2. Indirect action on free radicals {#sec4.2}
-------------------------------------

In addition to directly scavenging free radicals, tea polyphenols also protect the body from oxidative damage by regulating different types of oxidase and antioxidant enzyme activities. Tea polyphenols can inhibit xanthine oxidase ([@bib70]), Nicotinamide adenine dinucleotide phosphate (NADPH) oxidase ([@bib107]), lipoxidase, cyclic oxidase ([@bib23], [@bib33]), and can impede activity to reduce the production of oxygen free radicals. In addition, tea polyphenols regulate the expression of certain antioxidant enzymes, such as SOD, glutathione S-transferase (GST), GSH-Px and the like ([@bib93]), to alleviate the structural and functional damage caused by oxidative damage in mitochondria ([@bib93]). Glutathione (GSH) is a reducing substrate for GSH-Px in the process of scavenging H~2~O~2~. Glutathione reductase (GR) is a key enzyme that reduces glutathione from an oxidized state to a reduced state. The glutamyl cysteine synthetase is the rate-limiting enzyme in the synthesis of glutathione ([@bib12], [@bib53]). EGCG and ECG can increase the activity of these 2 enzymes and ensure that GSH-Px continuously scavenges oxygen free radicals.

4.3. Complexation of metal ions {#sec4.3}
-------------------------------

Some of the transition metal elements catalyze certain oxidation reactions in the body and generate a large number of free radicals. Calcium is one such element; Ca^2+^ promotes the production of xanthine oxidase. Tea polyphenols inhibit the occurrence of this process by chelating Ca^2+^ ([@bib26]). Iron also catalyzes oxidation; however, the catechol structure in tea polyphenols can chelate Fe^2+^. Inhibition of iron-induced synaptosome lipid peroxidation showed that different compounds has different inhibitory effects on lipid peroxidation, and different compounds inhibitory effects are in the order EGCG \> ECG \> EGC \> EC, but EGC is the most effective in scavenging lipid free radicals, because compared with EGC, other types of catechins (EGCG, ECG and EC) are more likely to form creams with lipids in the acidic environment of the stomach, reducing their utilization efficiency ([@bib22], [@bib8]). Due to the different positions of compounds involved in the antioxidant activity, the stability of the semiquinone radicals generated during the dehydrogenation reaction also becomes an important factor affecting the antioxidant effect ([@bib25]).

4.4. Synergistic effect of tea polyphenols and vitamins {#sec4.4}
-------------------------------------------------------

Humans and animals require vitamins to maintain normal physiological functions. Vitamins play an important role in body growth, metabolism, and development. Tea polyphenols have been shown to increase the concentration of vitamin E in low-density lipoprotein (LDL) in cholesterol-fed rats and to increase serum antioxidant capacity. Further, the atherosclerosis index showed a dose-dependent improvement with increasing levels of tea polyphenols ([@bib98]). Through the study of total hydrogen peroxide production during the linoleic acid peroxidation process, it was found that the antioxidant effect of tea polyphenols (EGCG, 10 μmol/L) is better than that of α-tocopherol (vitamin E, 10 μmol/L) or ascorbic acid (vitamin C, 10 μmol/L), but the mixture of EGCG, vitamin E, and vitamin C possesses remarkably enhanced antioxidative efficacy when compared to the use of these 3 antioxidants individually ([@bib16]).

5. Effect on signal transduction pathway {#sec5}
========================================

When the ability to generate and eliminate free radicals in the body cannot reach equilibrium, oxidative stress can cause damage to the body. Various extracellular stimuli complete the signal transfer through the signaling pathway, and the animal\'s response to the stimuli is also achieved through the signaling pathway. Tea polyphenols can protect cells from oxidative damage by regulating certain cell signaling pathways. In addition, tea polyphenols are protective against inflammation ([@bib45]), cardiovascular diseases ([@bib65]), cancer ([@bib24]), and obesity ([@bib50]); moreover, they regulate lipid metabolism ([@bib42]). The regulatory effect of tea polyphenols on major cellular pathways related to antioxidant activity is shown in [Fig. 2](#fig2){ref-type="fig"}.Fig. 2This schematic illustrates the cellular pathways regulated by tea polyphenols during their antioxidant activity. AKT = protein kinase B; AMPK = adenosine 5\'-monophosphate; Pi3-K = Pi3 kinase; ROS = reactive oxygen species; keap1 = Kelch-like ECH-associated protein-1; Nrf2 = nuclear factor erythroid 2-related factor 2; ERK = extracellular-signal-regulated kinase; JNK = c-Jun N-terminal kinase; NF-κB = nuclear factor-kappa B; I-κB = inhibitory protein inhibitor of NF-κB; SOD = superoxide dismutase; CAT = catalase; HO-1 = heme oxygenase-1; NQO1 = quinone oxidoreductase 1; GSH = glutathione; ARE = antioxidant response element; p-ERK = phosphorylated ERK; AP-1 = activating protein-1.Fig. 2

5.1. Nrf2-Keap1-ARE {#sec5.1}
-------------------

Nrf2 is an important redox-sensitive transcription factor, a major regulator of certain antioxidant enzymes and detoxification genes, and it plays an important role in the body\'s maintenance of redox homeostasis ([@bib37]). Kelch-like ECH-associated protein-1 (Keap1) is an inhibitor of Nrf2. Under normal physiological conditions, keap1 is at a relatively low level when binding to Nrf2. Keap1 is a substrate for ubiquitin E3 ligase (cul3) and can promote the degradation of Nrf2 by proteases. When the cells are subjected to oxidative stress, the Nrf2-Keap1 complex is dissociated, and the undegraded Nrf2 is transferred from the cytoplasm into the nucleus. The Nrf2 promoter binds to the small musculoaponeurotic fibrosarcoma (Maf) protein to form a heterodimer and binds to ARE to promote expression of certain antioxidant enzyme genes ([@bib31]). Oxidative stress and conditions stimulated by many exogenous chemicals may alter the reduced state of the cysteine residue of Keap1 and cause translocation of Nrf2. When Cys151 is oxidized or covalently modified, Nrf2 ubiquitination can be reduced and separated from the Nrf2-Keap1 complex ([@bib43]).

Antioxidant factors regulated by Nrf2 include quinone oxidoreductase 1 (NQO1), heme Oxygenase-1 (HO-1), SOD, CAT, and the like ([@bib84]). Nrf2-mediated HO-1 expression regulates the activity of P38 MAPK and extracellular-signal-regulated kinase (ERK)1/2 signaling pathways, links Nrf2 to the MAPK signaling pathway, and reduces ROS production in animals. It alleviates the oxidative damage of cells and organs caused by ROS and exerts preventive and therapeutic effects in other conditions such as neurodegenerative diseases ([@bib39]).

Black tea polyphenols can increase the expression of antioxidant enzymes, such as NQO1 and GST in the liver and lung of mice through the Nrf2-ARE pathway. The main pathways for activation of Nrf2 are protein kinase C (PKC) and Pi3 kinase (Pi3-K), but the main pathways of EGCG are Pi3-K/Akt and MAPK. Studies have proven that different tea polyphenols have different ways of activating Nrf2 ([@bib64]). Studies have also shown that mice can change their normal routine when light is provided irregularly. It was found that the expression of the circadian clock gene Bmal1 was decreased, resulting in a decrease in the expression level of the antioxidant gene regulated by the Nrf2 pathway, causing oxidative stress and hepatic lesions. EGCG can improve this condition and increase the expression level of enzymes, such as HO-1 and NQO1, by activating the Nfr2 oxidative defense pathway in the liver and HepG2 cells ([@bib68]). The HO-1 has a function of increasing the antioxidant capacity of cells and NQO1 can reduce the production of cellular ROS ([@bib83]). The protective effect of tea polyphenols against oxidative stress in the animal body was demonstrated.

5.2. NF-κB {#sec5.2}
----------

NF-κB is an important transcription factor whose primary function is to regulate the expression of anti-apoptotic genes and activate certain proinflammatory cytokine and chemokines ([@bib34]). Under normal conditions, NF-κB binds to the inhibitory protein inhibitor of NF-κB (I-κB) in the cytoplasm. Under conditions of oxidative stress and excessive ROS accumulation, I-κB rapidly phosphorylates and releases NF-κB to transfer it into the nucleus. At the molecular level, NF-κB is closely related to the occurrence and development of diseases, such as inflammation and organ damage ([@bib66], [@bib60]). Excessive oxygen free radicals cause activation of NF-κB and regulate the expression of inflammation and immune-related genes, exacerbating apoptosis of vascular smooth muscle cells and causing inflammatory responses ([@bib54]). Damage to biofilms by oxygen free radicals can cause vascular endothelial dysfunction in animals, leading to cardiovascular diseases, such as atherosclerosis ([@bib57]).

Overexpression of I-κB in cells can significantly inhibit NF-κB and increase the activation of ARE and NQO1 genes, indicating that I-κB can increase Nrf2 activity while negatively regulating NF-κB.Inhibitor of NF-κB kinase (IKK) plays a key role in the phosphorylation of I-κB and activation of NF-κB. Inhibitor of NF-κB kinase activity was evaluated by studying tea polyphenols for phosphorylation levels of I-κB-GST fusion protein of mouse fetal epithelial cell line (IEC-6). The results showed that tea polyphenols could induce a decrease in IKK and NF-κB activities, and EGCG had the best inhibitory effect on IKK, which improved the body\'s antioxidant capacity ([@bib94]). Studies have shown that during activation of the NF-κB pathway, many proteins negatively regulate the Nrf2 pathway, and that the P65 protein has a significant inhibitory effect on Nrf2. This mechanism is the direct interaction between P65 protein and Nrf2 inhibitor Keap1 protein. Tea polyphenol pretreatment significantly reduced the expression of P65 protein in rats, thereby inhibiting the activation of NF-κB and restoring the activities of antioxidant enzymes, such as SOD, CAT, and GSH-Px; the rats were protected from renal ischemia-reperfusion injury (RIRI) ([@bib47]).

5.3. MAPK {#sec5.3}
---------

The MAPK pathway-associated signal is a family of highly conserved protein kinases whose basic component is a tertiary kinase pattern, including Mitogen-Activated Protein Kinase Kinase Kinase (MKKK), Map Kinase Kinase (MKK), and MAPK ([@bib79]). Activation of this system has important regulatory effects on cell growth, differentiation, and response to stress. A large number of studies have found that there are 3 pathways involved in MAPK, namely the ERK signaling pathway ([@bib76]), JNK pathway, and the p38 MAPK signaling pathway ([@bib86], [@bib9]).

There is a close relationship between oxidative stress and MAPK. The massive accumulation of ROS can cause oxidation of intracellular proteins and lipid peroxidation of cell membranes, leading to cell damage and tissue necrosis ([@bib80]). This may be due to ROS that activate ERK/p38 and cause oxidative damage to neurons ([@bib88]). Tests have shown that oral administration of EGCG to mice can reduce antibody levels in their own serum and protect cells from the toxic effects of TNF-α. The molecular mechanism of this protection is the specific phosphorylation of p38 MAPK, which leads to reduced viability ([@bib32]). In addition, the oxidative stress model of HepG2 cells was constructed by using low-concentration H~2~O~2~ to explore the therapeutic effect of EGCG. The phosphorylation of p38 MAPK by EGCG increased the content of intracellular CAT and enhanced the stability of CAT mRNA ([@bib55]).

6. Application of tea polyphenols in animal models {#sec6}
==================================================

Tea polyphenols are found in medical practice and scientific research as a good antioxidant with good free radical scavenging effects in response to oxidative stress. Since oxidative stress is closely related to the occurrence and development of many chronic diseases in humans. Tea polyphenols was documented to prevent and treat various diseases ([@bib87]). Cancer is a chronic disease that poses a huge threat to the health of the people. In China, these diseases often occur due to the aging of the population and unhealthy lifestyles ([@bib30]). The production and accumulation of MDA increases the risk of cancer in humans. In the primary stage of cancer, lipid peroxide-induced DNA mutations are increased by the accumulation of MDA ([@bib58]). The levels of adducts produced by MDA and DNA in breast cancer patients are significantly higher than those in healthy individuals. Studies have shown that matrix metalloproteinases (MMP) are involved in the pathogenesis of breast cancer. EGCG inhibits the development of disease by mediating the epigenetic induction of MMP-3 and inhibiting the activity of MMP-2 and MMP-9 in breast cancer cells ([@bib48]). A rat colon cancer model was induced with azomethane (AOM) to investigate the therapeutic effects of tea polyphenols on human colon cancer. The number of aberrant crypt foci (ACF) and its extent by AOM were significantly decreased after feeding rats with 0.24% of composite polyphenols containing 65% EGCG for 8 wk. The expression levels of β-catenin and cyclin D1 were decreased and ACF cell apoptosis was increased ([@bib90]). Tea polyphenols have also been shown to prevent respiratory cancers, digestive cancers, and urinary cancers caused by different pathogenic factors in animal models. In addition to antioxidant properties, tea polyphenols also prevent mutations in genetic material, regulate detoxification enzyme activity, and inhibit tumorigenesis in the process of preventing cancer ([@bib1]).

Cardiovascular and cerebrovascular diseases are collectively referred to as ischemic or hemorrhagic diseases of the heart, brain and systemic tissues caused by hyperlipidemia, atherosclerosis, and hypertension. It is more common among the middle-aged and elderly people over the age of 50. The number of people who die of cardiovascular and cerebrovascular diseases every year in the world is as high as 15 million, ranking first in all causes of death. The rat model of cardiac hypertrophy was established by abdominal aortic constriction (AC). The MDA content in the rat heart was gradually increased and the antioxidant enzyme activity was decreased. EGCG has the ability to inhibit telomere shortening and loss of telomere repeat-binding factor 2 (TRF2) in cardiac cells to reduce apoptosis of cardiomyocytes ([@bib75]). Oral EGCG can cause significant increase in antioxidant enzyme activity in rats with isoproterenol-induced myocardial infarction, and lipid peroxidation is inhibited to ensure the integrity of myocardial cell membrane and reduce the incidence of myocardial infarction ([@bib18]). With the deepening of lipoprotein research, it is found that the level of low-density lipoprotein cholesterol (LDL-C) is positively correlated with the occurrence of atherosclerosis. Tea polyphenols have multiple phenolic hydroxyl groups to inhibit the oxidation of cholesterol. Inhibition of deposition of lipids on the walls of blood vessels. On the other hand, the oxidation of unsaturated fatty acids is prevented, thereby reducing the content of cholesterol in the serum and maintaining the dynamic balance of the normal entry and exit of lipids in the arterial wall, and has an anti-atherosclerotic effect.

Gut microbiota balances nutrient acquisition and energy regulation by processing the indigestible components of our daily diet ([@bib15]). There are more than 1,000 different types of bacteria and microorganisms in the human digestive system, and the composition of the microbial ecosystem in the body plays a vital role in human health. When the microbial composition is altered, it will induce or trigger the production of certain diseases ([@bib95]). The metabolism and absorption of dietary polyphenols by the human body mainly depend on the biotransformation of microorganisms in the intestine. Some polyphenols enter the colon and are converted into small molecule compounds under the action of bacterial enzymes and microorganisms, and the other part enters the hepatic and intestinal circulation to exert physiological functions ([@bib20]). The synergistic use of 4% green tea powder and Lactobacillus plantarum can significantly increase the microbial diversity in the intestinal tract of C57BL/6J mice and selectively reduce the number of harmful bacteria ([@bib6]). The mechanism of tea polyphenols in improving intestinal microbial composition mainly focuses on tea polyphenols providing metabolic substrates for beneficial bacteria such as bifidobacteria and lactic acid bacteria, and its antibacterial activity can affect the cell membrane function and energy metabolism of harmful bacteria, inhibits the growth of Bacteroides and Pachybacteria ([@bib52]). Short-chain fatty acids (SCFA) are the major metabolites produced by bacteria that ferment dietary fiber in the gastrointestinal tract, various studies have confirmed its regulatory effect on metabolic syndromes ([@bib97]). Tea polyphenols can produce SCFA by intestinal fermentation. Increasing SCFA production can achieve the purpose of acidifying the intestinal environment, in order to promote the absorption of nutrients, especially minerals, and inhibit the growth of pathogenic bacteria ([@bib77]). Tea polyphenols can show better effects in Improving intestinal function, indicating that the bioactive components in tea are digested and absorbed in the intestinal tract of animals. However, studies have shown that only 0.1% of EGCG will be bioavailable after entering the body ([@bib102]), and it can be seen that the bioavailability of tea polyphenols is very low. The reason for the conjecture may be related to the rapid metabolism of polyphenols and poor intestinal transport capacity ([@bib62]). Although the bioavailability of animals to tea polyphenols is low, higher levels of tea polyphenols still cause toxicity to the body. Feeding high doses (1%) of tea polyphenols in colitis mice can cause symptoms of nephrotoxicity and affect liver and kidney function, causing oxidative damage in the body. The same results were obtained in experiments in healthy mice. However, using low-dose (0.01% or 0.1%) tea polyphenols to feed colitis mice, it was found that tea polyphenols showed protective effects on liver and kidney and other organs ([@bib56]). Therefore, the optimal use of tea polyphenols in the prevention and treatment of different diseases needs to be confirmed.

At present, in addition to being a health care drug, tea polyphenols are widely used as a safe feed additive in livestock and poultry farming. In the production of pigs, it can improve animal production performance and immunity, reduce the body\'s lipid oxidation level, protect cell structure and functional integrity, and prevent organ damage and animal diseases caused by lipid peroxidation ([@bib91]). Currently, lipid oxidation has been recognized as the main deteriorating mode of frozen meat ([@bib35]). Proteins are degraded by oxidation, causing impaired protein function and loss of nutritional value ([@bib67], [@bib81]). Tea polyphenols also has the effect of prolonging the storage time of meat products and improving the quality of meat. Piglets were injected with diquat to establish an oxidative stress model. After 7 d of dietary supplementation with tea polyphenols, it was found that immune damage and growth inhibition caused by oxidative stress were alleviated and improved, and T lymphocyte proliferation and activation were promoted ([@bib17]). Studies have shown that tea polyphenols help to increase the number of beneficial bacteria in the intestines of pigs, reduce the number of Clostridium, and reduce the amount of feces and ammonia. In this way, the control of nitrogen-containing substances with animal excrement is important for environmental protection and the promotion of healthy farming ([@bib27]). Green tea extract has anti-avian adenovirus type 4 (fadv4) ([@bib5]) and anti-avian influenza (H5N2) ([@bib78]) effect during poultry farming and is superior to catechins such as EGCG, EGC and ECG. As antibiotics are banned worldwide, finding good antibiotic substitutes is an important direction for the healthy development of animal husbandry. Studies have shown that broilers fed diets containing 0.5% to 2% tea polyphenols can improve growth performance, muscle antioxidant capacity and meat quality, and the effect is better than diet supplemented with 0.1% oxytetracycline calcium ([@bib69]). It has been proved that tea polyphenols have the potential to replace antibiotics. Studying the effect of tea polyphenols on egg quality showed that under the premise of lowering the cholesterol content of egg yolk and improving the fatty acid composition, the antioxidant level of eggs was increased and the storage time of eggs was prolonged ([@bib82]). However, there have also been reports that feeding tea to egg poultry will reduce egg weight and eggshell quality, mainly because the tea contains the anti-nutritional factor tannin ([@bib38]). Therefore, in the further development and utilization of such resources, we should pay attention to solve this problem and explore the optimal use of tea.

7. Perspectives {#sec7}
===============

A large number of animal experiments and human clinical applications have proven that tea polyphenols have anti-oxidation, anti-cancer, anti-obesity, anti-allergic and other biological functions. Tea polyphenols are used in the prevention and treatment of neurodegenerative diseases, cardiovascular and cerebrovascular diseases, cancer, diabetes, high blood pressure, scurvy and other diseases. Tea polyphenols exert anti-oxidation activity mainly by regulating Nrf2 signaling pathway, and also stimulate NF-κB and MAPK pathways. However, the specific mechanism by which tea polyphenols exhibit good biological functions in the body has not been fully elucidated, and further tests are needed to verify whether high-dose tea polyphenols are bio-toxic to humans and animals.
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[^1]: EGCG = (--)-epigallocatechin-3-gallate; CAT = catalase; SOD = superoxide dismutase; GSH-Px = glutathione peroxidase; MDA = malondialdehyde; TNF-α = tumor necrosis factor-α; ECG = (--)-epicatechin-3-gallate; MAPK = mitogen-activated protein kinase; ARE = antioxidant response element; EGC = (--)-epigallocatechin; EC = (--)-epicatechin; ROS = reactive oxygen species; LPS = lipopolysaccharides.
